CHAPTER 111

ELASTICITY AKD ORIENTATICNAL ORDXR IR
SOME 4'~p=-ALKY1~4~CYXANOBIPHERYLS

The elastic constants of nematic liguid
orystals are sensitive to the degree of order - both
long rarge and short range - in the medium. For
simple nematios wherein short range order is cxpected
to be independent of temperature the mean fleld theory
predicts kg, 32. But in those oompounds in which
the short range order ls a function of temperature,

X, deviate strongly from the 3% law.

In a homologous series of oompounds various
physioal properties of the nematic phase alternate
as the serles | S ascended because of the differences
in the configuration Of the end chain., |f the molecules
have alkyl end groups the fimal C=C bond | N the even
members of the series makes, an the average, & laxrge
angle with the | ong axiz of the moleoule (figure 3.1)
thus reducing the molecular anisotropy. (This s atrictly
true for an all-~trans corformation of the end chains.)
On the other hand, in the odd umembers the final segment
is nesarly porallel to the long axis on the average,
thus enhancing the anisotropy of the molecule. It
is well known that the nematic-isotropic transition
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FPlgure 3.1

Chewrical structures of S5CB, €CB, 7CB end 8CB with
the end oihains in an all-trans configuration.
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points (mm) and the corresponding entropy changes
alternate between even and odd membe's of the eeries.
This 15 commonly referred to as odd-even effcct

(see for example, Barrall and Johnson 1974). The

early NMR studies Of Lippman and Weber (1¢57) on
4,4'~n~dialkoxyazoxybenzenes Clearly indicated an
alternation in the values of order parameter (Snl) at
Tyye ZThis result has been confirmed by a more recent
study (rines et al. 1675). A detailed statistical thermo-
dynamic treatment Oof the effect of eni-chain conforma-
tiong On the properties Of the nematio phase has been
given by Marcelja (1974). 1In particular, he hae
calculated the alternation of Ty AH and 8. 1If the
mean field theory 18 valid, en alternationin Ky (ocsz)

shoul d also be observed.

X-ray studies ON some nematice have relvnealed
the presence of positional short rarge ordorlgroups of
molecules with t he molecular centres i n cach group
arranged i N layers. These groups are called cybotactic
groups. The cybotactic nematics are sub-divided into
two groupe (de Vries 1$73) (a) normal cybotactioc
nematic wherein each group has smectic A type of
ordering, (b) skew cybotactic mematic i n which the
ordering in each group is smectic C typo. w¥hen

cybotactie groups are present in the mediunm, the
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variation Of elastic constants with temperature may
to a large extent depend on the changes i N the

cybotactic groups.

The Only syetematic study of elastiec constants
I N a homologous series to have been carried out
previously is that due to Gruler (1573) on 4,4'~di-n-
alkoxyasoxybensenes. He measured only the splay and
bend constants and observed that both kyy and ks4
exhibit the 0dd- even effeot near Ty . Moreover the

reduced splay constant

/3
‘v

X
0 = Mo

S

(where V is the molar volume) is temperature dependent
for al| members Of the series, except Cqq Of the first
two. Further, the ratio k”/k11 is temperature
dependent POP all the members. He correctly attributed
thia to the building up of the positional short range
order in the nematic phaue as the length of end ochain
Pa incrvased. The fifth member for whickh the cybo-
tactic groups beginto form, shows an anomalous
decrease and then an increase i n the ratio k33/k1‘ as
the temperuture is decreased. |n 4,4'-di-(n-heptyloxy)
azobenzene which shows emectic C at | ower temperatures

he found evidense for the divergence of ksy/k,; 88 the
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smectic-nenatic trarsition is approached. Cheung and
Meyer {1Y73, obmerved a pretransitionel increase |n the
bend constant of p=-butoxybenzylidene-p'-pj-methyl

butyl aniline which exhibits fir st order smectic A=
nemati ¢ transition as T |iS approachsd. |n the
presence of smectic C type of short range order all

the elastic constants are expected to show pretransitional
increases, cince the corresponding deformatione tend to
alter the layer thicikness (Gruler 1973). | N the presence
of smectic & type of short range order only bend and
twist become Aiffiecult, so that only these two constantis
diverge. e shall discuss this aspect in detail in
Chapter V.

We have undertaken a otudy of the elastic
constanta Oof two homologous series which exhibit
normal cybotactic groups i.e., smectic A type of short

range crder.

| n this Chapter we shall discuss the results

of our measurements on all the elastie constants and
order parameters Of four members Of 4'-n-alkyl-4-

oyanobiphenyls (figure 3.1).

Order parameter and denaity

.V¢ have calculated the temperature variation

of the relative order parameter and density 0N the
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basies Of optical measuremente. The principal
refractive indices of all the cempounds were deter-
mined by the prism method (Pelliet and Chatelain 1950,
Yadhusudana et al. 1€71). Since the order parameter
and density measurements are not the main theme of
this thesis, we have given all the experimental
de¢nils and derivations of relevant equations in
Appendix X. Ye shall present only tho experimental

data in this Chapter. The exnressions used for & and

f are (see equations 7 and 8 of Appendix Xi)

n°~ -1
-2
¢ = i% . % .4 gg_:ul (3.1)
@ nf 42

where @ = % (20, + &, ) i&s the average polarizability
of the molecule, A« =a, - a, , h = %(Qng + ng)

M iz the meolecular weight and ¥ i& the avosadro number.

Experimental

| n Chapter X | we have already deseribed the
method of measuring the twist constant. For bvend
constunt measurements, the same oven wae used. in

thiz case, however, the light bean wae zllowed to
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fall normally on a homeotropically aligned sample.
The sample holder is shown | N figure 3.2a.

For the homeotropic alignuent of tho sample,
surfactants wae used. |n moat of the cases, the
clean glass plater were dipped in a dilute agueous
eolution Of a cleaning agent, viz., Teepol (EIH India
Ltd. )(2 drops in 2 ml of water) and dried so that a
thin uniform layer of it is deposited on the glass
plates. |N some cases, the glass plates, after cleaning
were dipped i n a d4lute solution of cetyl trimethyl
ammonium bromide (CTMaB) in chleroform (~ 10 mgm in 2 ml).
The glases plates Wae then rubbed cirecularly by filter
paper so that a thin unifora layer of CTHAB is formed
on the plates.

The sample was viewed through a | ow power micro-
scope between orossed polarigers set at 45° to the
magnetic field direction. As the deformation occurs
I N the sample the dark field of view becomes bright.
The magnetio field at which the field of view becomes
just bright la the critical field corresponding to the

Freederickesg transition.

For the splay elastic constant determination,
the length of the oven had to be reduced because, i N

this case, the magnetic field acts along the axle of
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Sample holders used to atudy (a) kyq and (b) k4.
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the eylindrical oven. The schematic diagram of the
experimertal set up ic shown in figure 3.3. The
length sf the oven ie-~ 5 em. Yet, this length 1s
large compared to the thickness ( ~ 25-50 pm) of the
sample. The front silvered mirror ¥, enmables the
collinmated linearly polariged |ight from a sodium
vapour lamp to fall on the sample normally. The
emergent light which is reflected by a similar mrror
H,, passes through a quarter wave plate Q anti an
analyser & and is observed through an eye-piece & of
a | oW power microscope. Tho whole set Up 1s mounted
On a base provided with eide screws 5, and 5, and
levelling screws Lys L2 and L3 a8 before. The saaple
hol der ie shown in figure 3.2b.

Initially the polarizer axie iS kept at 45° to
n. Then ¢ ae well aa A are adjusted to get & dark
field of view. Sinece the light is reflected by front
aluminised mirrors, the emcrgent light, even i n t he
absence of the sample, is slightly elliptie (actual
analysis Oof the light reflected by two mirrors show
that 1ight has an azimuth of ~ 2° and ellipticity ~ C.1).
For this reason, at different temperatures, poth ¢ and
A are to be adjusted to get a dark field of view.

A homogeneously aligned sample is obtained by
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Figure 3.3

Diagram showing the set up to study k11. Heatex with
the base i s placed between tho pole piecesK and & of
the electrunagnet: . .he¢ direction of propagation o
the 1ight beam (starting from source ) is shown by
the dashed line.
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rubbing the glass plates prior to the introduction

of the sample. IHowever, iN some cases we have used

the technique of vacuum deposition of silicon at an
obligue angle On the glass plates (Janning 1$72).

Guyon et al. (1%73) found that the alignment inducecd

by the films depends on the angle of deposition. ¥or
angler between 45?2 and 80°, the moleculee align parallel
to the glass plates | N a direction perpendicular to

t he projection on the plate, of the direction of

vapour deposition.

As explained in Chapter 1I for a criticsal
field to exist, the magnetic field muat be exactly
normal to the undistorted director. when this adjuste
meat is made, as the field is inecreased beyond a
eritioal value, a number of inversion walls are seen.

A typical example is given in figure 3.4.

Q her aspects 0of the experimental procedure
are sdmilar to those describved in Chapter II.

Material
\¥ have made measurements On the f£ifth, sixth,

aeventh and eighth homologues Of 4'=-n-alkyl-4-oyano-
biphenyl| series. Thease were prepared first by Gray
et al. (1€73). They are exceptionally stable, colourless
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Inversion walls seen as the magnetic field is
increased beyond H, when 7' is exactly normal

toH. The sanple is 7GB. The sample t hi ckness
is ~25pmand H~ 1.2 H The photograph was
taken 30 aecs. after the magnetic field was
switched on.



mesogens which possess large positive dielectric
anisotropy and exhiblt mesophase at room temperature.
For these reazpons, these compounds are commonly used

For twisted nematic type of display devices.

The ccmpounds, used for our expeximents, were
prepared | N our chemistry laboratory, adopting Gray's
procedure (Gray et 21. 1974). The transiticn tempe~
ratures and heats of nematic isotropic trungitlions are

given in table 3.1.

Results and culeuletions

From Chapter I, we have tho equation

1= 3N ]

2
Ho x
-3 -h-e;w Ax [ 2 s . ?

k Z om

i1

2]

(1) Diemagnetic susceptibility: If AKX 4se tha

anisotropy of the magnetic susceptidbility of a gm
molecule Of the substance

DX a-—A-K

om M

where i is fte molecular welght.

A before assuming that the andsotropy of
sugceptidbility is essentially determined by the aromatic
part of the nolecule, AK is constant for &ll members

{0
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of the series. The measurements on biphenyl give

6 Ceg.9., units (Lonsdale 1¢37).

AE = 1186 x 10
Assuming this value for all compounds, we have calcu-
lated the values of AX, for these compounds. %he

valucs are given i N Table 3.2.

(i1) Refractive indices: The velues of

refractive indices 9 various tecperatures for the
wavelengths A 5461 3. A 5843 Z, )\632&}: arc given
in Tatle 3.3. They are plotted in figure 3.5. The
values from independent measuresnents on different
sanples are marked separately. The refractive index

values are estimated to be sccurate to & U.001.

(111) Density i V¢ have measured the density

of 7C3 and 5CB at room tempersature (25°C) by the specific
gravity bottle method (see Appendix II). Using the
equation (3.1) a?CB and ESCB can be calcoulated for

different wavelengths. To obtain the valucs of Ggop
s 1 N
2

and &g,y We have added the value
35% and a’IGB respectively. 48 a cross check we
calculated S¢op at 25°C from the value of g .o
(For this purpose we normulised the values of

e

ne - 1
(-"é‘_
n- o+ 2
at the lowest temperature st which measurenments were

° o o
) for 7 5461 A ard 26328 % to that for 35893 &

made. At all other temzperatures, the normaliced
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Figure %.5a

The refractive indiceas Of 5CB ae funotions of tenperature.
The cireles, triasgles and squares are t he values for

hs5461 A 75893 4 and \6328 4 respectively. Open and
filled symbolas represent val ues from independent measurements.

(This holds good for all the diagrams unl ess stated otherwise.)
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Figure 3.5b

The refraotive indices of 602 as functions Of temperature.
The gircles, triangles and squares are the valueas for

L o o
A5461 A, N5893 4 and N6328 A respectively.
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Pigure 3.5¢

The refractive indices of 7CB as functions of tenperature.
The circles, triangles and squares are the values for

o (-] []
N5461 A, A 5893 A and A6328 A respectively.




70 | .
|
P60
')
o}
o
55— E
‘_____O____.__r_)i—@_a_—//ﬁyﬁ”/o
L ] | ! ! i | !
TAN S 0]
{TN,—T)
Pigure 3.54

The refractive indices of 8CB as functions of temperature.

The ciro%es, triangles and squares are the values for
N5461 A, N5B93 A and \63%28 A respectively.
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values | 01 different wavelengths agree quite well.
The mean of normalized (:2-1 )74 (;54-2) ] 4s used to
caleulate § ). The value of ?603 calculated by
this procedure agrees well with that measured Dy a
capillary method (see Appeniix II). The values of
density and average polarizadbility @ are given in
Tablo S.4. & oan de sxpected to be independent of
temporature as has Dr a indeed observed in several
compounds (Madhusudana et al. 1971, Chandrasekhar
and Madhusudana, 196%). Ve have calculated § for
various relative temperaturece using equstion (3.1).
They ars given in Tadle 3.5, This table also gives
the density caloculated from the data of different
wavelengths. The valuss from indepenient measuraments
ON 4ifferent samples ure gilven separately. The
teapara—a variection of density is plotted in

figure 3.6.

(iv) Order parameter 5: There has been a recent
detormination of 8 in 7CB using Raman depolarization
measurenents (Heger 1975). The relative values of §
and [(nﬁ - ::ﬁ)/(;;E - 1)] [see quatxon (3.1)] agree
quite well. For example with —f= = 4 ) 5893 A,
the order parameter calculuted from optical anisotropy

measurementa agree with the reported $ values to better
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Pigure 3.6

D?nsli]ty derived from the o tfioal measur ements as_a function
of the'relative temperature for 5CB-8CB. The values obtained

for different samples are marked separately. Each symbol:-
represents a value averaged over the calculations far three
wavelengths.
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than 2/ throughout the nematioc range. Using a

values from demsity data, Aa.,w can be caloulated.
The increment in A« ON going from one member Of the
series to the next higher one is estimated by using
bond moments and angles of 01!2 group. The details

are given in Appendix II, Here we assume that the

end chain has an all-trans conforsation. Although
this assumption 1s not very good | N the nematie

phase, the uncertainty i N 8 is less than 1% (e.g., &an
increxent of +0.26 between an even to the next higher
0dd member of the series while Aa 30), The
ectimated values of Aaq and &/Ae are given in
Table 3.6. The absolute values of 8 at various tempe-
ratures can then te calculated. The temperature
variation of 5 1s given in Table 3.7. The S values from
5461 £ and )\ 6328 A are normalised to that from
25893 A at the lowest tesperature at which the
measurements were made. The wvalues are plotted | n
figure 3.7. The data for @ifferent samples are

marked peparately.

Latent heate of transition
have used the differential scanning calori-

metric measurements (Ferkin-Elmer DSC-2, USA) to estimate
t ho latent heats of transitions. The details are given
in Appendlx II. The nematio-isotropic transition latent
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The order parameter as a function of the relutive temperature
for 5¢B-8CB. The values for A 5461 4 ad 26328 A have boon
normalised with that for A58S%3 A at the lowest temperature.
The averaglng has been doxé as in figure 3.6.
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heats are given in table 3.1.

Elastic constants

Using the values of Axom. S and § given
above the absolute values of elastic constants have

been calculated.

Tables 3.8, 5.9 and 3.10 give the splay, twist
and bend eonstants at different temperatures. We have
least square fitted the elastic constant values to the

eguation

= o (3.2)

except for k,, and Xy of 8CB which diverge a»T,, is
approached. However the k5 values of 7CB and kq, of
8CB do NOt £it vary well to thie eguation. Hence in
those two cases the curves | N the figures are not the
fitted ones. The temperature variation of Kqqo k22

and k33
respectively. The curves except i n those casee mentioned

ere plotted i n figures 3.8, 3.9 and 3,10

above indicate the variations according to equation (3.2).

Before we discuss our results, it is worthwhile
summariging some Of the significant resulis from recent
X— ray diffraction measurements (Leadbetter et azl. 1<75)
on 5CB and 7CB i n nematic as well as isotropic phases.

A
-
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Figure 3.8

Variation of the splay elastiec constant, ki, as a function
of the relative temperature for 5CB~8CB.
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Variation of the twist elastic constant. k,, as a function
of the relative temperature for 5CB-8CB.
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Figure 3.10

Variation of the bend elastic constant k35 aS @ function of
the relative temperature for 5CB-8CB.
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It was found that the integrated intensity of
equatorial {1E) reflections and their width i n the
equatorial plane change |ittle with temperature,
even when the sample was taken to the igotroplc
phase. This implies that t he lateral ordering of
the moleocules remains unchanged. From the width of
1E reflections it wae estimated that the lateral
correlation length (Lr) is ~ 9 times the mean near

neighbour distance | n this direction.

Both 7¢B and 5CB show strong but diffuse
meridional (1M) reflections which are temperature
sensitive. 4s the temperature | S deorecased, the peak
intensity increases While its width decreases. Thia
chows that the longitudinal order increases with the
decrease | N temperature which alec means that the
molecular end chains become stiffer. 11X reflection
of 5CB 1is slightly weaker than that of 7C8. The peak
widtha Indlecate that the lengitudinal corre¢lation
lengths (Ld) is ~ 4-5 times the Bragg spacing. Ancther
importart result is that the Bragg spacing IS about
1.4 times the moleoular length. This suggests strong
antiparallel ordering of the mclecules (figure 3.11)
confirming an idea that was first put forward By
¥adhusudana and Chandrasekhar (1¢73), X-ray diffraction
data on 8CB im smectic phase (Crag and Lydon 1974) a1se
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Pigure 3.11%

Schematic diagram Of suggested local siructure in
5CB (and 7CB) resulting | n a repeat distance along
the texture axis of ~ 1.4 moleculaxr | engths with

highly mobile alkyl chalns and a tendency to local
layer formation. (Reproduced from Leadbetter et al.

J. de Phys. 01-37, 1%75.)
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gives A layer thicknees ~ 14 tices the molecular
length. So far NO one appears to have obtained the
X-ray data on 60 and 8CE in the nematic and isotroplo

phae.s.

¥e shall NnOW consider our results. For the sake
of ecomparison, we have plotted the values of Ty, and
the corvesponding latent heats in figure 3.12. 1In
the lower part of the figure the elastic constunts and
the order parameters at TNy T = 2°C are plotted as
functiornsof the number of carbon atoms in the end chain.

From the figure we make the f cliowing observations.

“he transition temperatures show the usual odd
even c¢ffeot. Among the elastic constants only k33
showa this trend. The order parameter alternates for
the first tiree members but increases on going from
7CB to &UB. AH, k., and k22 have tho same trend as
S. Wwe shall discuss these trende i n detall at a later

B8lREC.

The values of C ad x (egn.(3.2)) for different
compounis and elastic constants are given | n Table 3.11,
In all the csees both ¢ and x show the odd~even effect.
The index z IS greatest for k33 and least for koo

¥e have caloulated the ratice cof elastic

constants for various reluative temperatures. They are



tabulated in table 3.12. If the mean fleld theory
i s obeyed, the ratios should be independent of
teapersture. The table shows that this is not the

cage.

We Will now discuse OUr recults keeping in mind
t hs X-ray diffraction data. We will first consider
only 5CB, 60B and 7CE.

(a) Table %.11 shows that bend constunt docs
not follow the mean field recsult {Kii o £2) in any
d the compounde. The index x iz alwaye greater than
2. %his can be understood in terme of the longltudinal
correlation in the cybotuctic group becomlng stronger
at lower 2t XPMBE temperctures as evidenced by the
charper and narrower meridional reflectiones from
the nature of bend deformations (figure 1.2) one can
sge that 1€ effective length of ihe molecuts Ingreases,
the bond constart also incrcases. (La fuct the hard
rod molel would lead t0 this result (Jusaper 1932,
zwanzlg 196%2). Gruler (19¢75) has alse arrived ag a
similar reoult using an argament based ou mean field
thecry.) Thus »ne can sxpeet thzt the bend constunt
tokes higher valuss at lower temperatures'mugieﬁhﬁse
irdicated by the mean field theory. Further,d?ﬂd-
even effact 4n both C and x, might mesn that the

cybotactic groups are stronger in the odd members.
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However we have N0 X-~ray data available for 6CB to
check this point. The increase i N both C and x
between 5CB and 7CB can be understood i N terms of
the larger oybotactic groups in tho latter (~ 150
moleoules) compared to the former ( ~ 100 molecules).

(b) %he splay constant exhibits & behaviour cl ose
to the mean field trend. The deviation of z from 2
can agals be understood in terms of the nmature of the
deformation (figure 1.2). the elustioc constant should
elightly increase with the effective length of the

moleoculea.

(¢) The twist constant has the mean field type
of varfationin 5CB and 7CB. However x |a lower than
2inthe oase 0f 6CB and moreover C is much smaller
than those in 5CB and 7CB. Apart from pointing out
that the cybotaotic order in this compound is likely
to be much less than i N other cuses, we do NOt offer

any explanation for this lowering of x in 6CE.

¥We will NOW compare the ratios 0f the elastic
constante in these three compounds (Table 3.12). In
apite of the considersbly different values of C and Xx,
corresponding to diiferent elastic constants in a glven
compound as well as the same elasiic constant of
different compounds, it is remarkable that the ratios
of elastic comstants turm out to be practically the
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same for all the cases at the same relative tempe-
rature (%1 - |t means that even though the
actual 'strength’' of the cybotactic order is

different in the three compounds, the groups grow inm
a rather similar fashion in all the three casees as
the temperature i S lowered. The rapid increase i n
k.”/kza and a somewhat slower increase Of k33/k”

as Wel | as thr slow increase of k"/kzz can be under-
stood in terms of the strengthening of the ¢ybotactie
order in the longitudinal direction as the temperature

ie lowered and the nature of the three deformatione

(figure 1.2).

V& shall now diescuess the elastic constants Of
8CB near Tyy (figure 3.12). (The behaviour near Tn
will be dealt with 4n detail | n Chapter V.) Ve
hare already pointed out that kys and Ty, for this
compound are lower than those of 7CB,. i.e., the odd-
even effect extends to 8CB for these properties. Aas
pointed out earlier, k.” may be particularly sensitive
to the disposition of the end group i N view of the
nature of the deformation induced. The increase in
S, k;y and k,, from 7CB to 8CB can be understood if we
agsume that the lateral correlation length of the
eybotactie group increases i N 8CB compared to that
In 7CB close to Tyg- |t is interesting to note that
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The nematic-—isotropic transition points ( x) the heate
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the decrease in k,, and increase iN K, in s cy
compared to the previous member is such that

kg4 9 43 close to Tpy. (This can also be seen
from table 3.92 where the ratics of elastic constants
are shown.) This result appears to Be quite unusaal.
As the temperature ie decreasmed, however, cybotactic
like order grows in size with a rgpld increase in
both the transverse anid longitudinal correlation
lengths ( }Land %H ) which will lead $o the
divexgence of k,, and kﬁB cloze to T .. However

ae |0 to be expeoted in such cuses, k, behaves I n
the normal manner» so that k33 beccme s greater than
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Table 3.1

Transition temperatures and | atent heats of transition
Of 4'=p-alkyl-4-cyanobiphenyls (nCBE)

rransition temperatures (°C) Lategf heats
Crystg%—nematic smectic- nematic- trﬁrgitlon
erystal-smectic nematic isotropio cal/gg
6CB 13.8 - 28.8 0.24
7CB 28-5 - 4109 0048
8CB 20.5 33.3 40.1 0.5¢
Table 3.2

Anisotropy of diamagnetic suscepiibility in naCB

5C3 6CB 7C8

—— oty sesesmes

AX mn 1c? _
° 4.76 4.50 4,28

C.iieEouliits

8ces

4.07




Table 3.3: Refractive indices of nlBb

(1) 5cB
(T1~T) N 5461 A A 583 A A 6328 A
(]
in ¢C no ne no ne ﬂo ne
14.6 (II1)*® 1.536 1.73¢ 1.532  1.727 1.528 1.74S
14.4 Ig 1.536 1.737 1.5%2 1.726 1.528 1717
13.1 (1 1.537 1.734 1.532 1.723 1.528 1.714
12.2 (11) 1.9%8 1,723 1.53% 1.722 1.58 1.713
10.7 (I) 1.53% 1,727 1.53% 1.716 1.530 1. 708
13.3 Ilg 1.53¢ 1,727 1.534 1.716 1530 1.708
8.2 (11 1.540 1,721 1.53% 1711 16531 1. 702
7.6 (1) 1.541 1.718 1.536 1.7C7 1.531 1.648
6.0 (I1I1) 1.542 1.714 1.536 1.703 1.932 1.6$5
5.4 I) 1.542 1.712 1.537 1.TO1 1.53% 1.6€3%
2.8 (1) 1.546 1.6%S 1.541 1.685 1.537 1. €80
1¢4 II; 1.550 1,689 1.544 1.67¢ 1540 1.672
0.1 (II 1.557 1.670 1.551 1.662 1.547 1.656
®*I and II in parentheses refer to two indepcndent mescure-
men+os,
(11) 6CB

(Typ=1) N5461 4 N 5893 A N 6328 4
in °Q no ne no ne no ne

. i) 1.540 1.T03% 1.535 1.6%2 1.531 1.684
.1 (11) 1.54u 1,703 1.53% 1.692 1.531 1.684
6-3 1) 1.542 1.6%5 1.937 1.686 1.53% 1,67¢
.4 211) 1.543 1.6¢3 1.538 1.683 1.534 1.675
3.9 (1) 1.545 1.687 1. 9540 1.677 1.536 1.,66%
5.4 (II) 1.546 1.685 1.541  1.67%3  1.537  1.666
2-5 I) 1.547 1.67 1.942 1.670 1.538 1.66%
1.9 (11) 1.548 1. 675 1.543 1. 667 1.53¢ 1.6%%
1.3 I) 1.550 1.671 1.94% 1.662 1.541 1.654
Cod (11) 1.550 1.651 1.945 1.645

1.555 1.65%
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T?able 3.3 contd..

(111) 7¢B
) 7] T

(Tyy-D) N 5461 A 5893 A 16328 A

in °0 n, ua so 5@ n, na
20,0 (II) 1.523 1.719 1.51% 1.709 1.516 1.701
1¢.4 HW 1.524 1.718  1,51¢% 1,707 1.516  1.6%¢
168.2 (1 1.524 1.716 1.519 1,705 1.516 1,687
17.4 (II) 1.524 1.714 1,520 1.704 1.516 1.6%6
15.1 (1) 1.524 1.710 1,520 1.700 1.517 1.6%2
13.3 (1I) 1.525 1.708 1,520 1.638 1.517 1.6%
12.4 (1) 1.525 1,705 1.520 1.695 1.517 1.687
11.3 (XI) 1.525 1.702 1.521 1.6%2 1.518  1.685
10.0 (1) 1.526 1.69% 1,521 1,689 1.518 1,682
8.5 (I1) 1.527 1.6%6 1.522 1.686 1.519 1.67Y
7.2 (I) 1.527 1.6%2 1.%23 1.682 1.518 1,675
€.2 (1I) 1.528 1.689 1,524 1.680 1.520 1,672
4.9 (I) 1.52% 1.685 1.%29 1.675 1.5%21 1.668
4.5 {II) .53 1.682 1.%26 1,673 1.522 1,665
3.3 (I)° 1.532 1.677 1.527 1,667 1.524 1.660
2.5 (1I) 1.533 1.673 1,528 1,664 1.525 1.657
2.0 (1) 1,535 1.66% 1.530 1,660 1.526 1.653

«66
6

6.3 (II) 1.52% 1.682 1,520 1.673 1.517 1.666
5.1 (I) 1.526 1.676 1.521 1,667 1.518 1.655
4.2 (11) 1.52 1.672 1.523 1.663 1.520  1.657
2,0 (1I) 1.52 1.667 1.525 1.6%8 1.521 1.651
2.7 uw 1.5%0 1,666 1.524 1,657 1.521 1,651
1.5 (I 1.532  1.659 1.527 1.651 1.523  1.643
1.2 {1I) 1,535 1.653 1.530 1.645 1.526 1.63%
0.2 (I) 1.537 1.643 1,533 1,636 1.529 1,630
-0.2 (1) 1.572 1.566 1.560
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Igdble 3.4
Densities and average polarigabilities of nCB

¢ at ax 165‘ muj3

25°C 4in 'y ) ©

gmn/ce 215461 A 25893 A 16328 A
5CB 1.023% 33.2 32,86 32,63
6CB ]q012' 34.¢8 34.63 34.38
7CB 1.010 6.75 36040 6.13
8CB 0.895 ;5-§3 38.17 7.88

(at 35°C)

*me asured values

Teble 3,5: Density of nCB (gm/c.c.)
(1) scB
*né" 25461 A AS5BY3 A 16328 A Memn
]
14.4 1.0266 1.0276 1.0272 1.0271
13.1 1.0260 1.0264 1.0263 1.,0262
10.7 1.0239 1. 0246 1.0239 1.0241
7.6 1.0209 1.021¢ 1.0209 1.0212
5.5 1.0197 1.0203 1.019 1.015%
2.8 1.0167 1.0173 1.016 1.0170
14.6 1.0278 1.0285 1.0281 1.0281
12.2 1. 0257 1.0264 1. 0254 1.0258
10.3 1.0239 1.0246 1.0242 1.0242
8.3 1.0218 1.0228 1.0221 1.0222
6.1 1.0200 1.0207 1.0200 1.0202
B+6 1.0173 1.0182 1.0178 1.0178
1.4 1.0150 1.0158 1. 0151 1.0153
0.1 1.0126 1. 0134 1.0136 1.0132
(11) écp
8.5 1.015 1.0166 1. 0164 1.0162
6.3 1.013 1.0145 1.0149 1.0144
4.0 1.0118 1.0127 1.0128 1.0124
2¢5 1.0103 1.0112 1.0116 1.0110
1.4 1.0091 1.0103 1.0058 1.00%8
8.1 1.0157 1.0166 1.0167 1.0163%
5.4 1.0133 1.0142 1.0143 1.013%
Ted 1.0112 1.0118 1.0125 1.0118
1.9 1.0057 1.0109 1,0110 1.0105
C.4 1.0080 1.0091 1.00%1 1.0087
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Table 3.5 contd..
(111) 7CB
TrzmT  A5461 A  N5893 &  A\6328 A Mean
o0
1.4 1.0111 1.0115 1.,0120 1.0115
16,3 1.0102 1,0105 1.0108 1., 0105
15%.1 1.0078 1 oomd 1.00%0 1.0083
12.4 1.0057 1 oomu 1.C065 1.0062
1540 1.,0036 1 OOhN 1.0050 1.0043
T.2 1.0015 1 OCMA 1. 0029 1. 0023
4.9 . $994 1" 5003 1.0011 1.0003
3.3 0. 5t82 0" £%85 0.99%92 0.%9986
2.0 0.%970 o“mmqm 0.%977 0.9574
20.0 1.0117 1=0127 1.012¢ 1.0024
17.4 1.0097 1=0102 1.0109 1.0101
14.5 1.0072 1=0078 1.0084 1.,0078
11.3 1.0048 1= 0054 1.0062 1.0054
8.5 1. 0030 1.03%9 1. 0041 1.0037
6.2 1.0012 1. 0020 1.0023 1.0018
4.5 Q.comb 1. 0006 1.0001 1.0000
2.9 omqu 0. 9882 0.9986 ¢.%980
(1v) 8CB
5.1 €C43 0.9549 0. 9558 0. 9950
2.7 .gmmw 0.9927 0.9939 0.9930
1.6 0.%%13 0.%%21 0.9921 0.%918
OoN .,.omqmm.v,m 0090 00.—@ Oo WSN
tOoM Go mmmm P-g.ﬂﬁ - G. mmmm
6.3 c.‘mmq o.mmqo 0. 9979 0.9972
%0 0.‘\mm .\qu Ul 94942 0.9536
1.2 C.%%10 Cc.%018 0. 9927 . 9918
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Table 3,6

Aa amd (a/pa) for the different mewbers of nlh

5CB 6Ch 7CB 8CB
Az x 1024 om® 26,98  26.%0  27.16  27.08
a
mmmmu 1.22 1.2¢ 1.34 1.41
a
Teble 5.1
(1) 5CB Order parameter of nCB
mmmte Ordecr paramecter S
°C 25461 & )\589% A A6328 A Mean
14 4 0.4%6 0.4%6 CedtH 0.4%6
13 % 0.486 0.487 U.468 G.487
10 7 0.467 0.468 C.468 0.468
7.6 0.440 O.440 Ueddi 0.440
5.5 0.421 0.420 G.422 G.421
2.8 0.380 Ga380 0.378 0.379
14.6 0.49¢ 0.4%9 s 44¢ 0.4%9
12.2 0.484 0.484 ¢ 454 G. 454
10,3 0.46¢€ 0.468 0 468 Je 467
8.3 0.450 0.452 G452 Ced51
Gl 0.42% 0.428 0 42¢ G429
3.6 0.3%6 0.3%4 G 3% 0.35%9
1.4 0. 347 0.348 U %48 (o748
Ul 0.282 0.284 0288 C.285
(Li) 6CB
& 5 o429 0.428 0.427 Ge428
6 3 0.405 C.407 Ced08 Ge 407
4.0 0.376 G375 Ve 3T3 G375
25 G.350 0.%56 0350 04250
1.4 G.321 C.320 Go318 G320
a1 G.42% Ged30 G431 Ge 430
5.4 0.357 0.2¢86 0.304 0.386
3.4 0.362 0e363 Go362 Ce362
1. S Ge%37 0.337 0.336 e 2387
C.4 0.274 CeTT Ge27% UeT7




Table 3.7 ocontd..

L, (] [ ] ]
Né N5461 A NS8S3 A NE328 A Mean
o
(111) 7¢CB
19.4 0,540 0.540 0.540 0.540
18,2 0.53% Le534 0.523 0.933
15.2 0.519 0517 G.517 U.518
12. 4 0.502 GC.501 D.502 .501
10.0 0.483 U.483 U.484 0.483
7.2 C.460 0.45% 0.461 0.460
4.5 0.435 G434 0.434 G.434
3.3 0.405 0.405 G.406 0.405
2.0 0.377 0.376 C.377 C.377
20.0 0.543 CeH42 0.542 0.543
17.4 0.528 U.528 0.530 0.52¢
14-3 005’1 0-&1\4 00511 00511
1.3 0.4%3 0.4¢2 0.454 0.443
8.5 C.471 0471 0.473 0.472
6.2 C.44% 0.448 0.448 0. 448
4.5 0.425 Ue424 U.424 0.424
2.9 0.391 0352 Ue393 C.3¢C2
1.2 0.33% Ce341 O 346 0e341
(iv) 8CB
5.1 0.445 Ced4as Ueb 44 e 445
2.7 0.405 0.406 Ge408 . 406
1.6 0.380 0.378 Ge3BU U379
G2 GCe%1C G314 0.318 Ue314
6.3 0.467 G.467 0.468 C.468
4.2 0.430 U426 0.432 0.430
3.0 0,409 0.408 0.410 0.409
1.2 0.734%9 0.354 G358 0354
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Table 3.8: Splay elastic constant of nCB

-—d— 758
°C Kgauss dyne dyne
(1) 5¢B
14.3 2.61 1.33 1.32
1241 2.56 1.24 1.24
$.8 2.48 1.12 1.15
7.5 2.43 1.04 1.06
6.1 2.38 0.9%5 0. 97
4.7 2.3%3 0.87 0.89
Bel 2.25 0.76 0.77
200 2‘20 C.GB 0066
0.9 2.05 0.53 Ge53
xo = 2802 'ln
13.1 2.63 1.32 1.28
10.1 2:.93 1.16 1. 16
7.8 2.46 1.09 1.05
4.7 2.35 0.88 0.89
2.7 227 0.75 Ce73
1.5 2.15 C.61 0.60
Qe 1. 96 0.42 C.40
fo_"_zé'l B e e e e e aa
(11) 6CB
801 2056 0.92 0.91
6.0 2.46 0.80 C.81
4.7 2+40 T3 0.74
2e1 2.30 0.62 V.63
1.7 2,20 0.52 0.53
0.6 2.07 042 O.41
X, = 26.7 um
T.3 2.51 0.86 0.87
4.8 2.43 0.75 0.74
3.8 2.38 0.69 0.68
2.2 2,25 Ce56 0.57
.7 2.1 Ced3 Ved2
xo = 26.6 pm




Table 3.8 continued..

Rl 6 6
Tpr~s fo ky %10 (k19)ea1 x 10
°C Y.gauss dyne dyne
(113) 7CB

21.1 Z.03 1.82 1.80
17.€ 2.95 1.67 1.67
15.6 2,95 1. 63 1.5%
13.3 2.88 1.51 1.5C
11.0 2,82 1.40 1. 40
€.5 277 1.32 1 32
7.8 2.T0 1.22 1.23
6.5 2.66 1. 15 1.15
S5ed 2.61 1.6 1.06
4.0 2.48 (e 2 0.&5
2.6 2040 0.75 veB2
1.0 2.82 0.5 D.56
xo = l‘&o?

20.6 2.03 1.75 1.77
15.4 2.%5 1.57 1.58
13.6 2.93 1.52 1.51
11.5 2.85 1.40 1. 41
8¢5 2+TH 1.23 1.27
57 2.66 1.08 1. 10
4.5 2.5% 0.98 0.9%
2.0 2.48 0.84 0.85
1.6 2.36 0.69 0.67
(iv) & (B

608 3.27 1.52

5.8 317 1.40

4.2 2,00 1.17

2.6 2.82 0.9%6

1.1 2.61 U.74

G.4 2¢35 Gad4

X, = 27.1

6.5 3,27 1.50

500 3005 1. 20

Zs0 2.82 G.S

1.5 2.66 C.79

0.5 2537 0.)6

X, = 271




Table 3.3

Tuist elastlec eonetent of nid

ot o e

e o A TS ST

e - % & 49
°C Egauss dyne ciyne
Yol .22 CoSY Ce58B
6.1 2.17 Qo2 G451
4.0 2.07 Uelh ‘u.iﬁ"
146 1. 54 o2k UeB4
‘).4 1081 GOES &4.«5
Xy ® 2% pm
12.4 208 Ve Gl
€.8 2.15 Ve B
7.6 2.1 Cob 3
4.7 1,99 Yy
301 ‘O(r AN }g-
152 1 87 'a:;‘;
Xo B 23-5 pm
S:.GJ Ln27 L"ﬁi- 'LQ‘.%‘U
{}'.4 2Q 17 U.bj L.f);:‘
4.1 2.10 0. 46 045
1.‘.5 uo@ﬂ 'ua.)f LAnje
Q-E} “n87 Uon..'i uazﬁ
X, = &7 pm
(11} &CB
5.2 E'U‘g Qn‘&i %/‘04\.5
3‘3 1.§ ':_.i.‘;’}s ‘\'j‘ﬁ'
j Q2 1087 :‘;Q:’t‘: \J.a.:?
Ceb 1.81 Ce27 Vel
x, = 22.8 un
Toi: g.? ( ai ‘?‘h a.,’w%r)
)‘.) 2 62 @}.36 k.‘f‘rj
s’,.oe 10“’4‘ \*a‘)‘ (z.g?
Geb 1.87 Vel Led ¥
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fable 3.9 continued

Trr~T k, x10°  (Kpleay x 105
°C Kgauss B¢ne dyne
(113) 7CB
19.8 244 0.88 C.87
171 2.38 C.84 0.83
14.7 2.35 C.80 0.78
11.8 230 C.74 0.73
S. 2.25 0.68 0069
Te4 2.20 0.63 U.63
51 2.12 Ve 95 Ue56
3.1 2,02 C.46 0.48
‘.7 10 &4 \.3038 0038
0.6 1.81 (.28 {e28
Py 4
o A e e e
21.0 2.4 0. 87 C.8¢
18.0 2.37 G.82 G.84
14.8 2.35 0.78 U.T78
12.5 2.32 0.74 0.74
10.1 2.27 Le68 G.70
e 2.22 Ue b5 C.70
5. 2,12 0.55 U.59
507 2.07 0048 UOE’U
1.8 2.02 .41 039
O.4 1.081 Ue26 J.29
TR
18.4 2. 46 0.86 C.85
14.4 243 U.80 G.78
11.3 2,38 0.74 0.72
7.1 2033 0065 0062
4.4 2. 20 0.54 0.53
2.0 2. 07 U|42 0041
0.6 ’.89 v.29 0027
xo - 2406 pn
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Table 3.9 continued

4
TNI'T Hc kgz x 10
oC Kgauss dyne
(1v) 8¢CB

6.83 3.07 1.13
6.70 2.61 C.81
6.52 248 .73
5'76 2038 OOGG
5.28 20730 Q.60
4,34 2.23 UeH5
2.93 2.07 C.44
C.T1 - 1.%2 0.32
0,12 1.80 0,24
fo.“_2f°§ Em _____________
6.73 272 0.86
6.08 2.46 0.69
565 2.38 0.63
4.10 2.30 U056
252 2.15 0.45
1.10 2.02 Ue36
U.39 1.87 (.28

X, = 24.5 pynm
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Table %.10: Benﬂ e¢lagtic constant of nCB

(1) 5CB
T =T H K. .x10° (k.0) .. x 10°

N1 ] 33 337¢cal

°C Kgausa dyne dyne
15.3 3.17 1.88 1, 91
1%3.1 3.10 1.74 1.75
10,3 3,0 1.56 1.57

7.5 2.82 1.31 1.39

5.5 2672 1.15 1.16

Zel 2.56 0.4 0.9

1.8 2.38 0.74 0.7%

Ued 2.20 Ue53 Q.48
fo_°"22‘f b®_ -
15.0 R.22 1. 632 1.89
12.0 3.10 1.72 1¢ 6T

905 2.5 1.50 10)\.:

6.6 2.8 1.28 1,28

4.5 2.68 1.07 1.10

2.7 2.50 G.87 Co89

C.7 2430 Q.E0 Ced4

001 201\1 0046 0042
fo_”-zz'f we -
14.0 3«45 1.81 1.81
12.0 0 36 1.6 1.67

C.3 Be24 1.47 1.49

€.8 BeOT 1.25 1.29

5.1 « 84 1.09 1. 15

3.6 2.87 1.0 ¢.89

2.1 2. 70 0 80 C.80

Ce7 2443 0.57 .54
Xo " 24e5pm
13.6 3eH 1.84 1.78
1C.8 234 1.61 1.60

803 3.20 1.‘1 '040

5.5 202 1.17 1.1€

4.2 2.52 1. 04 1.06

2.6 2.75 0.86 \1087

1.4 2.60 Ua 67 Ve 58

Us1 2430 Uedb J.42
xo = 24,5 ME
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Table 3.10 continued

(15) 6C» |
3,0 N &

fgx”? Hc kggxtk (kﬁg)cal X 10

i Kgauos dyne d ~ —
£eH %.0 115 1.96
6.7 2.94 1.04 1. 04
4.6 2,82 0.%1 UeBlY
2e1 2.56 0. 65 LGeBT
1.9 2.50 0.58 Ge &0
0.4 2.32 Ces4 Led3
Xo " 232 wm e
8.0 3. 04 016 1.14
5.8 2.87 e 86 0.97
2.9 2.70 U.76 Ua74
1.1 2.48 C.57 Ue%H
0.4 2.33 adtd ved3
X, = 25.2 um
.0 2.01 114 1.14
60 2'92 1001 G.S}g
%e6 2.70 0 TY Getit
14 245 .57 C.59
Cel 2417 0e37 Oe BT
X, = 25.2 ym

(£14) 7CB

16e2 4.1 2. 49

175 4,03 2433

153 3.94 2.18

12.5 3¢ TH 1. %0

1C.0 J.64 1.7%

77 3.48 1451

5.5 3e31 130

Je2 3.04 1.0

2.2 3.00 0. 84

Qng 2080 6068
Io L 2409 p;m

A e uEm M M A o W AR N e war s W A e

(iii) ?GB continued «...

120



Table 3.10 econtinued

(111) 7¢B
o -3
Tyre=T H k x 10
HEC Kgagsa 53dyno
16.8 4,12 2.4%
17.8 4.05 2.%7
16.4 3. %6 2,22
12.8 3,80 1.%6
1;-1.1 3066 1.75
8.1 3.55 1.59
6.0 338 1.37
3.9 3.22 1.16
2.6 3.07 0.98
1.6 2.%2 0.81
1.1 2.82 G.72
0.3 2.6 0.52
x_ = 24.9 pa
2G.8 4,2% 2.58
18,7 4.12 2.41
15.8 %.96 2. 15
1%3.5 3,82 1.85
11.1 3,73 1.80
Ced 3,64 1. 67
6.8 3447 1. 44
4.3 3. 30 1.21
2.8 2,12 1.00
1.1 2.€0 0.7%
X, = 245ym . o e e
20.2 4.23 2.97
1341 4.16 2.44
14,6 « 96 2.12
11. € 3,82 1. 91
¢, 2 %. 66 1,68
28 i
304 'Y o~ ]
1.8 2,89 0.86
Jed 2,66 0.53
X -]

24.% um
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Table 3.10 continued

(1v) B8CB

Py =T H k.. x10°

Kl o 33

bt Kgauss dyue
6.75 3057 6-17
6.57 2.75 3.63
6.47 2.53 3.07
6.25 2.2 2.30
6.17 2.17 2.23
5.T4 1.94 1.76
554 1.88 1.64
4.69 1.66 1 24
3.08 1.56 1.02
1.82 1.43 0.7%
0.%6 1e%5 G.66
0.34 1.28 GeH4
x, = 50 um
6.65 2.87 3.58
6047 2053 3‘07
6.32 2.24 2.39
60 12 2010 2.U9
5.84 1.67 1.82
5.64 1.S4 1.75
4.5%4 1.71 1-:’3
3467 1.54 1.03
2,06 1. 41 0.7¢%

«20 135 0.67
022 1.25 0.4%

= 50 pum




Table 3.11:

The experimental values fitted to
the equation kg, = ¢S

5CB

6Ch

7¢8

8CB

k k

22 sy

11

X c X c X

2.15 2.70 1. 96 11.78 2,65
2.08 2.00 1.74 8.40 2.35

2+ 31 3.00 2.01 13.81 2.81
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